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For the full text of this licence, please go to: http://creativecommons.org/licenses/by-nc-nd/2.5/ orifice was drilled in the centre of the plastic sparger. This orifice produced a stream of large bubbles that rose rapidly through the smaller bubbles produced by the porous sparger. The effects of the orifice diameter on the gas and two-phase flow regime were studied using a two-needle conductivity probe to obtain measurements of the local , bubble size and velocity distributions. For the largest orifice diameter used (3 mm), the flow was heterogeneous at very low j g , showing that a single stream of injected bubbles were capable of destabilising the homogeneous bubbly flow produced by the porous sparger.
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INTRODUCTION
Two-phase flow is of interest in a wide variety of industrial processes. An important variable in two-phase flow is the void fraction, , which is used to define both the occurrence of two-phase flow, and the prediction of process pressure drop and heat transfer coefficient. These factors are crucial in the design of industrial process units, e.g. bubble column reactors, aeration tanks, and gas-liquid reactors, etc. Two-phase gas-liquid flow is a vital phenomenon that is harnessed in numerous forms within the chemical and process industry. It is commonly found in evaporators, condensers, and gas-liquid reactors. Moreover, the applications involves cases where gas is bubbled through reacting liquids to control temperature, in nucleate and other boiling regimes, as well as in steam production, and wastewater aeration (Coulson and Richardson, 1999) . Typically, two-phase flow behaviour drives the design of related process components. Slow chemical process reactions such as oxidation, chlorination, alkylation and many others, which are utilised in the chemical and bio-technological industries, commonly use gas-liquid bubble columns. These columns possess numerous advantages in terms of their simplicity, absence of mechanical moving parts, as well as efficient heat and mass transfer properties, when compared to other types of multiphase reactors (Vijayan et al, 2007) . Two-phase liquid-gas flow is distinguished by being of great utility, yet is an area of significant difficulty. This is due to the complexity of the flow patterns of the two fluid phases within the containing component, pipe or otherwise. A number of factors, e.g. internal dimensions of the pipe work, fluid physical properties, flow rates or superficial velocity, exert considerable influence and determine the flow regime.
In bubble columns with no liquid flow, three basic flow regimes occur: the homogeneous, the heterogeneous and the transition regimes, Deckwer, (1992), Kastanek et al., (1993 ), Molerus, (1993 ), Zahradnik et al., (1997 . The homogeneous regime is known as the dispersed, uniform, bubbly flow regime. As the coalescence of bubbles increases large bubbles form and this leads to the heterogeneous regime.
For such system, the drift-flux model was proposed by Zuber and Findlay (1964) .
This popular model predicts gas hold-up over a range of two-phase flow regimes. It may be written as The results obtained from the annular gap column show that at low j g , small bubbles were produced. Increasing j g caused these bubbles to merge and form bigger bubbles which destabilised the flow.
For annular channels, Griffith (1964) ; Hasan and Kabir (1988a,b) ; Kelessidis and Dukler (1989) ; Hasan and Kabir (1991) experimentally verified the theoretical contention of Radovich and Moissis (1962) . This holds that α, of about 0.25 in vertical pipes triggers the transition from bubbly to slug flow. 
Open tube and annual gap rig set up
The experimental set-up is illustrated in Fig The annular gap has a smaller cross-sectional area than the open tube, hence the gas flow rates were adjusted appropriately.
Figure 2
Overall gas hold-ups (averages for the whole column) were obtained by recording the volume change on aeration at a given j g , Δ volume method:
Probe design and dimensions
The impedance method, using one or more electrodes, is a popular method that has been used under different two-phase flow regimes by many researchers. The electrical conductance of the gas-liquid region surrounding the electrodes is measured. The relationship between α and the difference in impedance between the gases and liquids in two-phase flow, as measured by the electrodes, is exploited in this method.
Employing a single resistivity probe, Angeli & Hewitt (1999) and Julia et al. (2005) , measured the α in gas-liquid flow. However, the bubble velocity, α and bubble size in two-phase experiments may also be measured using a double sensor probe. The first mechanism by which the mean α might be lowered in an annular gap column was investigated, namely that the formation of large bubbles might destabilise the flow and force an early transition to the heterogeneous regime. A single orifice with a diameter between 0.6 -3 mm was drilled in the centre of the porous sparger, generating a stream of large bubbles in the empty bubble column geometry. Fig. 5 a) and b) represent the results obtained from volume change and electrode methods respectively; for the latter, mean α were obtained by volume-averaging the local α distributions. From Fig. 5 , the conductivity probe mean α agree fairly well with the volume variation results. Any discrepancies are due to (i) the volume change method measures the mean α over the whole bed, whilst the conductivity probe averages over a horizontal plane, assuming axisymmetry and (ii) some small bubbles may bypass the conductivity probe. In the open tube normal sparger (NS results), it was observed that at low j g small and uniform bubbles, in homogeneous flow, were generated by the sintered plastic sparger which had no orifice. When the sintered plastic sparger was drilled with a small hole size diameter e.g. 0.6 mm, it was expected to generate large bubbles, which should destabilise the homogeneous flow, however, this expected scenario actually did not occur in these experiments; the small orifice diameter did not generate large enough bubbles to disturb the homogeneous flow (data not shown).
The literature suggests that the orifice size has to be greater than 1 mm to generate heterogeneous flow at all j g . The effect of large bubble generation from the orifice starts to take place at a diameter of 2 mm; these bubbles should rise much faster than the smaller spherical bubbles produced by the sintered sparger. The results show that large orifice size generates large bubbles which destabilise the homogeneous flow. experiments, as the hole size in the gas distributor plate decreased, higher gas holdups were generated, forming a homogeneous regime. So the orifice diameter plays a role in determining the gas hold-up, by destabilization of the homogeneous regime.
The present results agreed with Zuber and Hench's (1962) results, as the sintered plastic sparger generated small and uniform bubbles (homogeneous regime) with high gas hold-up, behaving in the same way as the minimum orifice diameter, 289, used by Zuber and Hench (1962) . On the other hand, as the orifice diameter increased, the flow tends to form a heterogeneous regime. Fig. 6 presents the current study results compared to Zuber and Hench's (1962) results. Large orifice would generate large bubbles, which rose much faster than the smaller spherical bubbles produced by the sintered sparger. These large bubbles would sweep the smaller bubbles into their wake, causing coalescence and hence transition to the heterogeneous regime occurs. 
